AD-A224  400 


P! K  FILE  COPY 

gl-tr-9Q-004A 


Thermal  Imaging  Assessment 


S.  C.  Richcsmeier 
M.  E.  Gersh 


Spectral  Sciences,  Inc. 

99  South  Bedford  Street,  07 
BuiUngton.  HA  01803-5169 


22  February  1990 


Scientific  Report  No.  2 


DT1C 

'SSX  ELECTEI 

V;“  JUL3119901 


D 


APPROVED  FOR  PUBLIC  RELEASE;  DISTRIBUTION  MNLIHITED 


GEOPHYSICS  LABORATORY 
AIR  FORCE  SYSTEMS  COMMAND 
UNITED  STATES  AIR  FORCE 

HANSCOM  AIR  FORCE  BASE,  MASSACHUSETTS  01731-5000 


"This  technical  report  has  been  reviewed  and  is  approved  for  publication" 


EDMOND  MURAD 
Contract  Manager 


b 


-CHARLES  P.  PIKE,  Chief 
Spacecraft  Interactions  Branch 


FOR  THE  COMMANDER 


v  ( te wry 

RITA  C.  SAGALm  Director 
f N  Space  Physics  Division 


This  report  has  been  reviewed  by  the  ESD  Public  Affairs  Office  (PA)  and  is  releasable 
to  the  National  Technical  Information  Service  (NTIS) 


Qualified  requestors  may  obtain  additional  copies  from  the  Defense  Technical 
Information  Center.  All  others  should  apply  to  the  National  Technical  Information 
Sen/ice. 


A 

vish  to  bq>r 


If  your  address  has  changed,  or  if  you  wish  to  b^  removed  from  the  mailing  list,  or  if 
the  addressee  is  no  longer  employed  by  your  jtfganization,  please  notify  AFGL/DAA, 
Hanscom  AFB,  MA,  01731.  This  will  assisbiTs  in  maintaining  a  current  mailing  list. 


Do  not  return  copies  of  this  report  unless  contractual  obligations  or  notices  on  a 
specific  document  requires  that  it  be  returned. 


REPORT  DOCUMENTATION  PAGE 


U  REPORT  SECURITY  CLASSIFICATION 

UNCLASSIFIED 


2a  SICURITY  ClASSIfICATION  AUTHORITY 
M/A 


2b  DECLASSIFICATION / OOWNGRAOING  SCHEDULE 
M/A 


4  PERFORMING  ORGANIZATION  REPORT  NUMSER(S) 
SSI -TR- 1  71 


lb  RESTRICTIVE  MARKINGS 
N/A 


3  OlSTRIIUTION/AVAllAllllTY  Of  REPORT 
Approved  for  public  release*, 
distribution  unlimited 


S  MONITORING  ORGANIZATION  REPORT  NUMIER(S) 

GI.-TR-90-0044 


6a  NAME  OF  PERFORMING  ORGANIZATION 
Spectral  Sciences,  Inc. 


6c  APORESS  (C  fy,  Staf*.  trxi  2*  Cod*) 

99  Smith  Bedford  Street,  0 7 
Bur  l  Inf* ton,  MA  Ulfl01**ri|fi9 


B.r  NAME  OF  FUNOING /SPONSORING 
ORGANIZATION 

Onphyr. Ics  Laboratory 


B<  AOORESS  (Oty.  Hitt,  »nd  ZlfCodt) 


6b  OFFICE  SYMIOl  7*.  NAME  OF  MONITORING  ORGANIZATION 
(H  tpplktblt) 

Ceepltyslcs  Laboratory 


7b  ADDRESS  (OTy.  Staf*.  *rd  ZIP  Cod*) 
llanscom  AFB ,  MA  01731 -9Q00 


•b.  OFFICE  SYMIOl  1  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMIER 
(H  tpptkibh) 

Ol'B  Fl96B?-fi8-C-QQ74 


I  10.  SOURCE  Of  FUNOING  NUMIERS 


[  PROGRAM 

PROJECT 

TASK 

ELEMENT  NO 

NO 

NO. 

Hansom  AFB,  MA  01731  j 

|  62 10  IF 

7601 

30 

II  IITIE  ihxludt  Sttvnty  Otailkttfon) 
Thermal  Imaging  Assessment 


12  PERSONAL  AUYHOR(S) 

S.  C.  Rlchtsmeler  and  M,  E.  Gersli 


13*  TYPE  OF  REPORT 
Interim  No.  2 


13b  TIME  COV1REO 

from  15JAN90  TO  15FF.B90 


14  DATE  OF  REPORT  (Y*#r,  Month,  Dty) 
22  February  1990 


COSmiI  CC 


GROUP  jUm-ROUP 


Tl,  SUBJECT  TERMS  (Corrtfao*  on  rtvtrtt  if  necessary  and  kkntify  by  bt ock  number) 
thermal  Imago 


19  ABSTRACT  (Con Now*  on  rtverst  If  neceoa ry  tnd  kkntify  by  Wock  nombtr) 

This  report  investigates  the  feasibility  of  using  advanced  focal  plane  arrays  coupled 
with  relercopes  as  thermal  imaging  systems  for  orbiting  targets.  The  infrared  signature 
of  a  target  will  depend  on  a  host  of  iutcrcoupled  factors  including  (l)  surface  properties 
(temperature,  emissivity,  reflectivity),  (2)  illumination  conditions  (solar  position, 
earth  background  temperature),  (3)  target  orientation,  locatior,  and  dynamics  wich  respect 
to  Che  observer,  and  (A)  atmospheric  conditions  along  the  illumination  and  target-observer 
paths.  The  determination  of  absolute  surface  temperatures  of  an  unknown  target  is 
certainly  a  difficult  if  not  infeasible  problem  without  detailed  knowledge  of  all  of  these 
factors.  Here,  we  address  the  somewhat  simpler  problem  of  calculating  the  change  in 
detected  signal  observed  as  a  function  of  relative  surface  temperature  differences,  or 
conversely,  given  a  sensor  and  its  inherent  characteristics,  wc  attempt  to  determine  Che 
minimum  detectable  temperature  difference  measurable  for  a  target  surface  of  known 
character i stico.  f  A1 


20  DISTRISUTION/AVAIlAllOTY  OF  ABSTRACT 
©UNCLASSIFIED/UNIIMITEO  □  SAMS  AS  RPT,  DOTIC  USERS 


22«.  NAME  OF  RESPONSIflE  INDIVIDUAL 
Dr.  Edmond  Murad 


DD  FORM  1 473, 84  MAR  83  APR  *dition  may  b«  used  until  exhausted.  SECURITY  CLASSIFICATION  OF  THIS  PAGE 

Alt  oth«r  editions  art  obsolete. 


21.  ABSTRACT  SECURITY  CLASSIFICATION 
UNCLASSIFIED 


22  b.  TELEPHONE  (Jixfud*  Area  Cod*)  22c.  OFFICE  SYMBOL 
(617)  377-3176  PHK 


SECURITY  CLASSIFICATION  OF  THIS  PAGE 
UNCLASSIFIED 


TABLE  OF  CONTENTS 


Scr  r inn  Page 

1.  UlTROMimrm  .........  I 

2.  ANALYSIS . 2 

3.  SUMMARY . 6 


iii 


I .  INTRODUCTION 


Thin  report  invent igaten  the  feasibility  of  using  advanced  fecal  plane 
arrays  coupled  with  telescopes  or  thermal  imaging  systems  Cor  orbiting 
targets,  The  infrared  signature  of  a  target  will  depend  on  a  host  ot 
intcrcouplcd  factors  including  (1)  surface  properties  (temperature, 
cmissivity,  reflectivity),  (2)  II lumination  conditions  (solar  position, 
earth  background  temperature) ,  O)  target  orientation,  location,  and 
dynamics  with  respect  to  the  ohsetver,  anti  (A)  Atmospheric  conditions  along 
the  il Ittmi uar ion  and  target -observer  paths.  The  determination  of  absolute 
surface  temperatures  of  an  unknown  target  is  certainly  a  difficult  if  not 
infeasible  problem  without  detailed  knowledge  of  all  of  these  factors. 
Here,  we.  address  the  somewhat  simpler  problem  of  calculating  the  change  in 
detected  signal  obnerved  as  a  function  of  relative  surface  temperature 
differences,  or  conversely,  given  a  sensor  and  its  inherent 
characteristics,  we  attempt  Co  determine  Che  minimum  detectable  temperature 
difference  measurable  for  a  target  surface  of  known  character istics. 


1.  ANALYSIS 


The  base  ease  considered  is  for  a  1  meter  square  planar  target  with  a 
uniform  surface  cmlaalvicy  of  0.85.  The  surface  reflectivity  In  purely 
diffuse,  i.c.,  ic  has  no  specular  component.  The  carnet  has  a  temperature 
of  220  K,  and  is  located  directly  above  the  observer,  outside  of  the 
earth's  atmosphere.  The  observer  altitude  is  3  km.  In  addition,  four 
cases  similar  to  this  base  case  (denoted  case  "A"),  but  each  with  one 
fundamental  difference  from  the  base  case,  were  considered; 

(B)  The  target  direct  >n  was  90°  from  the  observer  zenith  angle, 
resulting  in  a  long  slant  path  from  the  observer  to  Che 
target. 

(C)  The  target  surface  rmissivity  was  0.15  rather  than  0.85, 

changing  Che  relative,  magnitudes  of  the  target  signature 
components  (thermal  emission  and  scattered  earthshine). 

(0)  The  target  base  temperature  was  290  X  rather  than  220  K. 

Target  signatures  were  cslculated  with  the  Spectral  Sciences  Target  IR 

Signature  (SST1RS)  code  uaing  Che  5  cm'1  I.OWTRAN-5  option.  Transmitted 
spectral  radiances  for  cases  A-0  are  plotted  in  Figures  1-4,  respectively. 
In  addition,  the  earthshine  scattering  and  thermal  emission  components  of 
Che  total  signatures  are  also  shown  in  the  figures.  In  case  A,  these 
components  are  comparable  in  magnitude  above  5  pm,  but  earthshine 
scattering  dominates  the  signature  below  5  pm.  Atmospheric  absorption  by 
H2O,  COj,  and  O3  are  apparent  in  the  spectrum.  These  absorptions  are 

greatly  enhanced  in  case  8  (see  Figure  2),  where  the  observer  1  ine-of-sight 
(LOS)  travels  along  a  long  slant  path  to  the  target.  In  case  C,  the 

surface  reflectivity  has  been  enhanced  at  the  expense  of  the  emissivity, 
and  as  a  result,  the  intensity  of  the  reflected  earthshine  dominates  the 
thermal  emission  (see  Figure  3).  By  increasing  the  target  temperature  from 
220  X  to  290  X,  thermal  emission  is  the  dominant  feature  of  the  target 
signature  (see  Figure  4). 

For  the  temperatures  considered  here  (200-300  X),  the  ideal  thermal 
imaging  ayatem  would  have  appreciable  sensitivity  in  the  8-10  pm  region  to 
take  advantage  of  the  atmospheric  transmission  window  between  the  6.3  pm 
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IIjO  mid  9.6  pm  flj  Ali.snt  pt  inn  hands,  Ami  i In*  fart  that  the  peak  of  the 
Planck  function  in  ucor  thin  ref, Ion  At  thene  temperatures.  The  advanced 
IrSi  focal  plane  arraya  currently  under  development  are  potential 
candidate*  for  such  a  system.  In  contrast  to  PtSi  array*,  whose  spectral 
response  cutn  off  at  About  A  pm,  the  thenretlcAl  response  of  an  IrSi  array 
cxcenda  to  almoac  12  pm.  To  dace,  irSl  focal  plane  arraya  have  been  built 
with  appreciable  t  espouse  nut  to  9  pm.  The  spectral  responses  of  IrSl  anti 
PtSi  arrays  arc  plotted  lit  Figure  5. 

Table  l  contains  predictions  of  the  current  that  would  be  measured  by 
the  advanced  IrSi  array  of  Figure  *5  in  three  spectral  hand  passes  (assuming 
a  (lac  filter  transmission)  in  which  there  is  significant  atmospheric 
transmission.  The  predicted  current  I  is  calculated  by  the  equation 
*2 

.  -  R(X)  S(X)  «IX  (1) 

where  bo  is  the  solid  angle  viewed  by  a  single  pixel,  R(X)  is  Che  target 
radiance,  and  S(X)  is  the  detector  spectral  response  function.  bo  waa 
calculated  assuming  an  image  scale  of  8.25  arcseconds/mm  (i.e.,  the  image 
scale  of  the  AMOS  1.6  m  telescope  at  the  Cassegrain  focus),  and  an  array 
diagonal  dimension  of  20  mm.  The  spectral  hand  passes  chosen,  3.0-6. 2, 
6. 5-5. 5,  and  8.0'  9.5  pm,  correspond  to  Che  most  useful  bsnd  passes  for 
thermal  imagers  based  on  PtSi  arrays,  current  IrSi  arrays,  and  advanced 
IrSi  arrays,  respectively.  The  response  of  the  advanced  IrSi  array  is 
similar  to  chat  of  the  current  IrSi  array  in  the  6. 5-5. 5  pm  region,  and 
similar  to  that  of  the  PtSi  array  in  the  3. 0-6. 2  pm  region.  The  following 
trends  can  be  discerned  from  Table  J,  For  the  four  cases  considered  here, 
Che  most  intense  signals  nre  associated  with  case  D,  because  its  290  K 
temperature  yields  more  thermal  radiation.  Though  the  target  temperature 
is  only  220  K  in  case  C,  its  signature  is  almost  as  bright  as  that  of  case 
D  due  to  itu  lower  surface  emissivity  (c"0.l5  for  case  C  vs.  0.85  for  the 
ocher  cases)  and  resulting  higher  enrthshine  reflections.  The  lowest 
overall  signal  is  associated  with  the  long  slant  path  case,  esse  B. 
Comparison  of  the  current  predictions  for  esses  A  and  B  show  that  of  the 
three  band  passes  considered,  the  8.0-9. 5  pm  bond  pass  is  least  affected  by 
atmospheric  attenustion. 
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The  aignature  calculations  (or  cases  A  I)  were  repeated  at  temperatures 
1,  2,  5,  and  10  degrees  higher  than  the  base  temperature  (or  each  case. 
Figures  6-9  plot  (or  cases  Ah,  respectively,  the  increase  in  the  current 
measured  by  a  single  pixel  o(  an  advanced  irSi  army  remitting  (rom  these 
temperature  increases  as  calculated  by 

M(X)  -  (R(X,T)  -  R(X,  T0)]S(X)bO  (2) 

where  T  is  the  target  temperature,  T0  is  the  hnse  temperature  for  the  case, 
and  the  remaining  variables  have  been  defined  previously.  Figures  10-13 
plot  integrated  in-band  current  as  a  function  of  temperature  difference  for 
cases  A-U,  respectively. 

In  order  (or  a  thermal  imager  to  detect  a  temperature  difference,  the 
measured  current  difference  corresponding  to  the  change  must  be  greater 
than  detector  current  noise  levels,  and  greater  than  the  difference  in  dark 
current  between  adjacent  pixels.  We  have  not  been  able  to  determine  what 
current  noise  levels  are,  or  how  well  the  dark  current  is  controlled  from 
pixel  to  pixel,  but  the  overall  sum  of  these  factors  is  likely  less  than 
the  magnitude  of  the  dark  current  itself.  The  dark  current  is  very 
strongly  dependent  on  Che  focal  plane  array  (FPA)  temperature.  Dark 
current  density  for  three  arrays  is  plotted  as  a  function  oT  FPA 
temperature  in  Figure  14,  A  pixel  diameter  of  25  imt  has  been  assumed. 

Figures  10-13  can  be  used  to  determine  temperature  sensitivity  for  any 
minimum  current  level  criteria.  As  an  example,  assume  that  a  temperature 
difference  must  induce  a  detected  current  change  at  least  as  large  as  dark 
current  levels  to  be  detectable.  Then,  for  a  PtSi  array  at  77  K,  the  dark 
current  density  is  about  8x10“^  A.  Assuming  that  the  pixel  resolution  at 
the  target  is  lm2,  we  see  in  Figure  10  chat  a  PtSi  array  could  not  detect  a 
temperature  change  of  10  K  (OI  is  about  2x1 0“ * ^  g  tpe  3,0-4. 2  rim  band 
pass  for  s  10°  change).  In  comparison,  the  dark  current  density  for  an 
advanced  IrSi  array  at  35  K  is  about  the  same  as  for  the  77  K  PtSi  array, 
and  for  the  8.0-9. 5  Mm  band  pass,  the  minimum  detectable  temperature  change 
is  less  than  2°. 

If  imager  data  is  digitized,  sensor  dynamic  range  can  have  significant 
impact  on  temperature  sensitivity.  In  this  case,  the  minimum  detectable 
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temperature  difference  can  alan  be  limited  by  the  current  associated  with 
one  dip,ical  bit  of  dynamic  ranp.e.  for  example,  for  a  sensor  system  with  8 
bits  of  dynamic  range,  ihe  increase  in  signal  for  a  given  temperature 
difference  miiat  be  at  least  nne  part  in  of  the  total  detected  signal. 
When  thermal  eminsion  dominatc6  the  target  signature,  the  signal  change  for 
a  1  degree  temperature  increase  for  the  base  temperatures  considered  here 
ia  on  the  order  of  a  few  per  cent  (romparr  Table  1  and  Figure  10  for  case 
A),  and  digitization  doea  not  nip, nit  leant  I  y  limit  temperature  difference 
discrimination.  In  contrast,  the  signature  of  a  reflective  surface  such  as 
chat  of  case  C  can  he  dominated  hy  reflected  earthshine,  and  though  the 
total  signature  is  brighter  than  case  A,  a  one  degree  temperature  change  ia 
overwhelmed  hy  the  total  signal  (the  currenc  difference  is  less  chan  one 
part  in  a  thousand  of  the  total  signal)  and  does  not  trigger  a  single,  bit 
out  of  8  regardless  of  dark  currenc  levels. 


3 .  SUMMARY 


7o  aummnrir.e,  che  determination  or  absolute  target  temperatures  la 
difficult  wichouc  detailed  Knowledge  of  target  surface  properties  ami  die 
viewing  scenario.  The  ability  of  a  telescope  system  Co  discern  temperature 
dlfferencea  on  a  target  would  te  greatly  enhanced  by  die  uae  of  advanced 
XrSi  focal  plane  array*,  due  eo  increased  response  of  dies*  Materials  in 
the  8-9  »jm  atmospheric  window  region.  The  aiinimiim  detectable  temperature 
difference  is  ultimately  determined  by  the  current  noise  and  pixel-co-pixel 
current  variation  of  the  array,  which  in  turn  ia  very  strongly  dependent  on 
the  focal  plane  temperature.  Dark  current  denaltiea  vary  by  aeveral  orders 
of  magnitude  for  focal  plane  temperature  differences  of  only  10  degrees. 
Therefore,  the  lowe.r  the  focal  plane  temperature  can  be  held,  the  lower  the 
minimum  detectable  temperature  difference.  We  have  determined  the  meaaurcd 
current  predicted  for  aeveral  viewing  scenarios  and  detector  apectral 
response  functions,  and  have  shown  that  temperature  sensitivities  on  the 
order  of  1  degree  are  possible  (or  advanced  IrSi  at  rays.  Sensor  dynamic 
range  can  effect  temperature  sensitivity  when  imagrs  are  digitised. 
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FIG. 2:  220  K,  e=.85 


III 

■  t 

'») 

r; 

* 

1 

1 

> 

a 

1 

11 

» 

rr: 

l: 

r  J 

n 

! 

t 

1 

in 

I 

|0I  B0!  ,01  0  01  C.0I  ,,.01  g.0!  g.0I 


(wrl/dS/M)  30NUI0tlH 


WAVE 


U>4 

:c  _j 
co  a 
-)  t  jl 
ct.  cr 
m  uj 
o  cn  x 
»-  uj  h 


,01  001  ,.0l  1 01  c-01  i.-01  .  a 01 

(WTt/HS/tt)  30NBI0UB 


io  - 


WRVELENGTH  (U"> 


FIG. 4:  290  K,  e=.85 
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FIG. 5:  SPECTRAL  RESPONSIVITY 
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